2018). The effect of community-based interventions for cardiovascular disease secondary prevention on behavioural risk factors. Preventive Medicine, 114,[24][25][26][27][28][29][30][31][32][33][34][35][36][37][38] ABSTRACT 28 Cardiovascular disease (CVD) is the leading cause of death worldwide, and its 29 prevalence is increasing; with limited healthcare resources, secondary prevention 30 programmes outside traditional hospital settings are needed, but their effectiveness 31 is unclear. We aimed to assess the effectiveness of secondary prevention 32 cardiovascular risk reduction programmes delivered in venues situated within the 33 community on modification of behavioural risk factors. We searched five databases 34 (MEDLINE, EMBASE, CINAHL, PsycINFO, Cochrane library) to identify trials of 35 health behaviour interventions for adults with CVD in community-based venues. 36 Primary outcomes were changes in physical activity, diet, smoking and/or alcohol 37 consumption. Two reviewers independently assessed articles for eligibility and risk of 38 bias; statistical analysis used Revman v5.3. Of 5905 articles identified, 41 articles 39 (38 studies) (n=7970) were included. Interventions were mainly multifactorial, 40 educational, psychological and physical activity-based. Meta-analyses identified 41 increased steps/week (Mean Difference (MD): 7480; 95% CI 1940, 13020) and 42 minutes of physical activity/week (MD: 59.96; 95% CI 15.67, 104.25) associated with 43 interventions. There was some evidence for beneficial effects on peak VO 2 , blood 44 pressure, total cholesterol and mental health. Variation in outcome measurements 45 reported for other behavioural risk factors limited our ability to perform meta-46 analyses. Effective interventions were based in homes, general practices or 47 Highlights 52  Our meta-analysis provides strong evidence that interventions for secondary 53 CVD prevention, delivered in community-based venues, are effective in 54 promoting PA; evidence for beneficial effects on peak VO2, blood pressure, 55 total cholesterol and mental health is less clear.
outpatient settings, individually tailored and often multicomponent with a theoretical 48 framework. Our review identified evidence that interventions for secondary CVD 49 prevention, delivered in various community-based venues, have positive effects on 50 physical activity; such opportunities should be promoted by health professionals. 51 was not always feasible therefore we assessed 'Blinding of participants, personnel 141 and outcome assessors' rather than blinding of participants alone. 143 We analysed data using Review Manager (RevMan version 5.3; Nordic Cochrane 144 Centre, Copenhagen, Denmark). We used the random effects model to acknowledge 145 heterogeneity; unstandardized mean differences were used in analysis and 95% 146 confidence intervals (CI) were reported. We tested statistical heterogeneity using the 147 I² statistic and categorised heterogeneity into: low (0% to 30%), moderate (30% to 148 60%), substantial (60% to 90%) and considerable (90% to 100%). We categorised 149 follow-up from baseline outcome assessment times into subgroups of: 3 to 6 months, 150 7 to 12 months and >12 months.
142

Synthesis of results
151
Additional analysis 152 Five studies presented their outcome data as mean change from baseline; all other 153 studies reported the follow-up measurement values. To include data from these five 154 studies in our analyses, we added/subtracted, as appropriate, values for change 155 to/from the baseline means and used the standard deviation (SD) for the baseline 156 mean in initial meta-analyses. Sensitivity analyses were conducted excluding these articles [16] [17] [18] [19] [20] [21] reported the outcomes of three studies; for each study, the earlier 165 article was used as the study reference. Common reasons for exclusion were 166 participants' age (<18 years), no reported control group, no outcomes relevant to this 167 review and lack of behaviour change intervention.
168
Study characteristics 169 Studies included 7970 participants with a mean age of 62.3 years (SD 5.3) and 78% 170 of participants were male. Participants' diagnoses were reported as coronary heart 171 disease (CHD), [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] acute coronary syndrome (ACS) [19, [33] [34] [35] [36] [37] [38] and myocardial 172 infarction (MI). [16, [39] [40] [41] [42] [43] [44] [45] [46] Only one study was specifically aimed at socio-173 economically deprived communities. [18] 174
The majority of interventions were multicomponent, with PA, psychological and 175 educational content (Table 1) . For fourteen studies, the main focus was on 176 increasing PA, [29, 31, 32, 36, 38, 39, 44, [46] [47] [48] [49] [50] [51] [52] one focused on smoking cessation [28] 177 and one on uptake of Mediterranean diet. [42] All others (n=22) focused on a 178 combination of behavioural risk factors. Only fifteen studies reported using a 179 theoretical framework, including the Social Cognitive (n=7) [16, 26, 32, 36, 44, 50, 51] 180 and Transtheoretical Models (n=3). [23, 44, 53] Most studies recruited participants 181 from hospitals, as inpatients or outpatients, and six recruited from general 182 practice. [17, 22, 26, 47, 48, 54] 
183
The majority of interventions (n=25) were home-based: three of these used 184 exclusively internet delivery, [18, 29, 54] 14 used exclusively telephone 185 delivery, [16, 23, 24, 28, 31, 38, 41, 43, 44, [50] [51] [52] 55, 56] two used both online and 186 telephone delivery, [34, 48] two used printed information [32, 46] and four used home-187 visits [39, 42, 45, 53] with one of these also including telephone contact. [39] Seven studies were general practice/primary care-based. [19, 22, 26, 33, 37, 40, 47] Various 189 professional disciplines were involved in intervention delivery, most frequently nurses 190 (n=15), [22, 26, 28, 30, [35] [36] [37] 41, 43, 45, 47, [52] [53] [54] 56] doctors 191 (n=10), [19, 26, 30, 33, 34, 37, 39, 41, 46, 47] dieticians (n=4) [23, 35, 40, 42] and 192 physiotherapists (n=3). [29, 39, 49] Studies varied in length of follow-up: most were 193 less than 12 months after baseline.
194
Twenty-seven studies used a two-group RCT (four of these were described as 195 prospective), ([16,37,41,43] ) seven a three-group RCT design, [24, 32, 40, 42, 52, 55, 56] 196 two a cluster RCT, [26, 48] one was a pilot study [28] [18, 29, 34, 42] had one intervention group that was eligible for inclusion. Overall, we judged six studies to be at high risk of bias (Table 2) . [22, 23, 40, 46, 54, 55] 2 Reasons for a judgement of high risk of bias included: lack of random sequence 3 generation, no blinding of personnel and/or outcome assessor, selective outcome 4 reporting and inappropriate use of assessments. We judged 21 studies to have a low 5 risk of bias and 11 as unclear risk of bias. 
Effectiveness of interventions 24
Our primary outcome for meta-analysis was PA. We had planned that the primary 25 outcomes would include diet, smoking and alcohol behaviours, but we found 26 insufficient data to include these in meta-analyses. We noted that several studies 27 also reported biophysical outcomes, mental and physical health measures and total 28 mortality; we decided to include them in our analyses in order to gain insight into the 29 potential wider health benefits of the included studies. We included 31 studies (33 30 articles) in the meta-analysis: seven studies [18, 24, 28, 32, 38, 42, 48] were excluded 31 due to insufficient data being available or outcomes that could not be pooled. For 32 example, 21 different outcome measures were reported in the included studies 33 (Appendix 2). Follow-up from baseline outcome assessment times were categorised 34 into sub-groups of: three to six months, seven to 12 months and over 12 months.
35
Physical Activity
36
In total, eight studies reported a measure of PA that could be included in our meta-37 analyses. Our meta-analysis of three studies [29, 30, 36] (322 participants) (Appendix 38 3) showed a statistically significant increase in numbers of steps per week for 39 intervention, compared to control groups (mean difference (MD) 7480 steps (95% CI 40 1940, 13020)) ( We found a statistically significant increase in peak VO 2 for intervention groups 45 compared to controls (4 studies; [30, 44, 47, 52] 240 participants; MD 2.06 mL/kg/min 46 (95% CI 0.08, 4.04)) but with substantial heterogeneity.
For diastolic blood pressure (DBP), we found a statistically significant decrease for intervention groups compared to control groups (14 49 studies; [19, 23, 25, 26, 31, 33, 34, 36, 37, 39, 40, 46, 47, 53] 2849 participants; MD -1.37 50 (95% CI -2.52, -0.22)), with moderate heterogeneity. However, for systolic blood 51 pressure (SBP), outcomes for intervention and control group participants were not 52 significantly different.
53
We found no statistically significant difference between intervention and control 54 groups (12 studies; [23, 25, 30, 31, 33, 34, 37, 39, 40, 50, 53, 55] 2103 participants) for BMI.
55
We found a small but statistically significant decrease in total cholesterol levels 56 between the intervention and control groups (15 57 studies; [19, 23, 25, 26, 30, 31, 33, 37, 39, 40, 43, 47, 49, 53, 55 ] 3150 participants; MD -0.13
58
(95% CI -0.25, -0.01)) with moderate heterogeneity.
59
Our analysis of six studies [23, 30, 36, 37, 50, 55] (752 participants) showed no 60 significant difference in waist circumference for intervention groups compared to 61 controls.
62
Mental and physical health measures 63 We found no statistically significant effects for mental health, based on either SF-12
64
(4 studies; [26, 33, 35, 39] 1909 participants) or [16, 34, 41, 53] 877 65 participants) subscales, nor for physical health [26, 33, 35, 39] 1909 66 participants; SF-36: 6 studies; [16, 34, 41, 44, 53, 56] 1014 participants).
67
Total mortality
68
Five studies [22, 29, 33, 39, 45] (2913 participants) reported 638 deaths in total 69 (intervention groups: 303; controls: 335). The odds ratio (OR) for total mortality in 70 intervention groups compared to controls was not significantly reduced. We also conducted a second set of sensitivity meta-analyses, in which we excluded 11 studies that we had determined were at high risk of bias overall. [22, 23, 40, 46, 54, 55] 12
Excluded studies had reported data for DBP, [23, 40, 46] We were unable to conduct subgroup meta-analyses of the effect of different settings 2 and components due to the variety of these within the studies included in this review.
3 However, 14 of the studies included in our meta-analysis reported statistically 4 significant improvements on intervention outcomes: eight of these studies were 5 implemented in participants' homes, [16, 23, 31, 44, 46, 51, 52, 55] four in general 6 practice/primary care, [19, 26, 33, 47] six provided printed educational materials. [16, 19, 26, 31, 46, 55] Eight studies focused 17 on PA [30, 31, 36, 44, 46, 47, 51, 52] and three used pedometers and diaries. [36, 46, 51] 18
In terms of overall risk of bias, we judged three of these studies to be of high risk of 19 bias, [23, 46, 55] three studies to be of unclear risk, [30, 31, 47] and the eight other 20 studies were deemed to be low risk. We found only three studies [16, 44, 52] delivery modes could not be determined due to their heterogeneity.
35
Our initial meta-analyses showed a statistically significant improvement in peak VO 2 36 among the intervention groups. However, there was substantial heterogeneity in the 37 data and the sensitivity analyses excluding studies that reported outcome data as 38 mean change from baseline, did not confirm this improvement. A previous systematic 39 review[59] also found a significant improvement in peak VO 2 for intervention 40 participants but, this finding was based on a small number of studies.
41
We found total cholesterol to have a statistically significant decrease in the initial 42 meta-analyses but this was not confirmed in the sensitivity analyses. This initial 43 finding may be attributed to our use of data from studies that were excluded from the 44 subsequent sensitivity analyses, which had a high risk of bias overall or for which we 45 derived data inappropriately.
46
For DBP, our initial meta-analysis and the sensitivity analysis with exclusion of 47 studies reporting outcome data as mean change from baseline, both found statistically significant decreases. However, this was not confirmed when studies with 49 high risk of bias were removed, two of which had reported a statistically significant 50 effect.
51
For DBP, SBP and SF-36 mental health subscale, initial meta-analyses showed no 52 statistically significant effects but the sensitivity analyses excluding studies reporting 53 outcome data as change in mean from baseline showed significant improvement.
54
The substituted data used initially may have hidden a true positive effect of the 55 interventions but the sensitivity analyses included fewer participants, so results must 56 be interpreted with caution. Given the contradictory findings between SF-12 and SF-57 36 for mental health outcomes and that previous literature has shown that SF-12 and 58 SF-36 are comparable measures,[60] there is a need for further study data to allow 59 conclusive evaluation of these effects of community-based interventions.
